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Introduction
High-standard farmland development projects normally involve land development, soil improvement, irrigation and water supply, rural road network building, farmland protection and ecological reservation. These projects aim to reduce or remove major restrictions on farmland development and improve their quality. As proposed in the Chinese government document "Opinions on Accelerating Modernization of Agriculture and Building a Moderately Prosperous Society by the Central Government and State Council", the governments at all levels should boost development of highstandard farmlands by increasing investment and integrating financial sponsorship, and governments at all levels should put this endeavour among their top priorities. Thus, development of high-standard farmlands is in fact a land development project in which the scientific evaluation of the project efficiency accounts to be a significant step. Gao et al., 2011) have already studied many topics in this area, including efficiency evaluation of land development projects, evaluation index systems for high-standard farmland development, arable land overall quality evaluation index systems, preliminary location selection of high-standard farmland development, basic farmland demarcation or suitability and timing of high-standard farmland development. For instance, published studies have used the TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) model (Tsaur, 2011; Korkmaz, 2008; Jun et al., 2011; Liu et al., 2006) to analyze priorities in high-standard farmland development, and studied the potential quality of arable land based on grading factors and matter-element modeling (Zhao et al., 2017 . Some of these studies have focused on location selection and division of high-standard farmland by combining the TOPSIS model with the local spatial autocorrelation method (Yang et al., , 2017a (Yang et al., , 2017b . Some others have expounded on the feasibility and spatial stability of high-standard farmland development via the TOPSIS model and used the four-quadrant method to analyze the spatial and temporal distribution in high-standard farmland development (Xue et al., 2014) . Other studies have explored the time series of high-standard farmland development on the basis of land evaluation and site analysis system (Bian et al., 2016) . Nevertheless, current research on the high-standard farmland post-development efficiency have been mainly carried out by way of the entropy weight method, the TOPSIS model or the entropyweight-based matter-element extension model to analyze the efficiency (Xin et al., 2017; Cai and Li, 2014) . To enrich the repository of methods for high-standard farmland development evaluation, this research proposed a new evaluation method that combines the matter-element extension model with the TOPSIS model. With the matter element as its basis, the proposed method develops a matter-element model with three post-development indicessoil efficiency, infrastructure efficiency and economic and social efficiencyto evaluate farmland development efficiency through the analysis of the respective weight of the indices in the correlation function. The weights resulting from the function are then introduced into the TOPSIS model to calculate the degree of similarity and evaluate the soil efficiency, infrastructure efficiency, economic and social efficiency as well as the overall efficiency. The result of the weight analysis by way of the correlation function is shown to be in agreement with the result of the efficiencybased similarity analysis.
Materials and methods

Research area description
This research takes the high-standard farmland development project of Shangwei Village in Shannan Town, Feixi County of Hefei in Anhui province of China as the research target to evaluate the post-development efficiency. The study area is situated at about 116° 45' to 116° 48' east longitude and 31° 40' to 31° 42' north latitude ( Fig. 1) . Located in the northwest part of Shannan Town, Shangwei covers an area of 7.9 km 2 , including 260 hm 2 of farmlands and 200 hm 2 of woods. This project area, with its northern part higher than its southern part, mainly consists of hills and is divided into two sectionsone in the east and the other in the westwith the County Road No. 042 as the line of demarcation. Subject to the tropical monsoon climate, the area has an average annual temperature that falls between 15 and 16 °C and an average annual precipitation between 900 and 1000. The whole development project lasted from the end of February 2017 to the beginning of August 2017. Given the actual conditions of the project area, three sampling sites were selected for soil efficiency inside a key development region, where farmlands abound.
Research data presented in this study was collected from diverse sources, including the database for land utilization of Feixi, Heifei, in 2013, the land use map of Feixi prepared in September 2016, the (updated) land use database of Feixi, Heifei, in 2016 and the overall land use planning map (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) . Other research materials are also referred to, such as the surveyed landform map of the project area in 2016, the planning report for the high-standard farmland development project in 2016, the project completion landform map, the result of a questionnaire survey carried out in October 2017 and sampling research data obtained in October 2017. In the questionnaire survey, 95 questionnaires were collected from the total of 100 distributed. According to China's high-standard farmland construction standards and evaluation criteria for high-standard farmland construction, the target groups of the questionnaire survey were mainly local farmers, managers and acceptance experts. Among the participants, the ages were mainly between 30 and 60 years old, the education experience of senior high school and college were the main one. 
Research methodology
The core objective of high-standard farmland development is to maximize economic and social efficiency while ensuring ecological conservation. Extenics is a subject that studies the possibility of extension of matters and explores the law and methods for innovation of the extensibility of matters through formalized models to address problems. There are diverse indicators for evaluation of high-standard farmland efficiency and results from single-index evaluation methods are usually incompatible with each other, therefore, the Extenics theory, which is applicable to such research situations, is applicable to this study. The TOPSIS method works out the degree of similarity between the calculated results and the optimal solution to evaluate the results' quality. The TOPSIS method is based on the Euclidean distance calculated between the positive ideal solution (PIS) and the negative ideal solution (NIS). As presented above, this project presents an evaluation system with three indices (soil efficiency, infrastructure efficiency and economic and social efficiency) according to the highstandard farmland development criteria (Criterion of High Standard Farmland, 2012), establishes a weight model of correlation function index based on matter elements and analyzes the development results. The weights obtained via the correlation function are introduced into the TOPSIS model, which is then optimized to work out the degree of similarity of each index to the ideal solution. In this way, an evaluation can be made on the soil efficiency, infrastructure efficiency, economic and social efficiency as well as the overall efficiency of the high-standard farmland development project.
Evaluation index system
Based on existing studies and the actual conditions of the project area, the model presents an evaluation system of indices, assuming that the indices are representative, comparable, operable and quantitative. The efficiency of high-standard farmland development is taken as the evaluation target, with three indicessoil efficiency, infrastructure efficiency, economic and social efficiencyas the evaluation criteria. Each evaluation index includes multiple criteria with deciding factors, as shown for the index system in Table 1 . According to domestic research publications, the degree of similarity is divided into four levels to make a qualitative evaluation. The criteria are as follows: when the degree of similarity stands between 0.80 and 1.00, the efficiency is rated "excellent"; when the number falls between 0.60 and 0.80, the efficiency is rated "good"; the efficiency is rated "moderate" when the number is between 0.30 and 0.60; while it is rated "poor" if the number stays between 0.00 and 0.30. 2) The average score of soil efficiency is obtained from sampling of the sites, from scores of infrastructure efficiency from scoring results by experts, and from scores of the economic and social efficiency from questionnaire surveys. (3) Agricultural production cost and static return on investment refer to economic efficiency; degree of public satisfaction represents social efficiency
High-standard farmland development efficiency evaluation
The matter-element extension model and TOPSIS model are combined to evaluate the soil efficiency, infrastructure efficiency, economic and social efficiency as well as the overall efficiency of the high-standard farmland development project.
Matter-element model building
According to previous published models (Zhao and Su, 2010; Cai et al., 2008; Yang and Cai, 2008) , Omj is set with j levels of evaluation; ci is the evaluation index for standard levels; Vmji is the range of classical field defined by the respective levels of indices; amji and bmji are the upper limit and lower limit of the classical field, respectively; P is the evaluation standard; xpi is the range of the segment field of P in terms of each evaluation index of ci; api and bpi are the upper limit and lower limit of the segment field, respectively; Q represents the matter element to be evaluated (development efficiency) and x is the efficiency value of Q in terms of the evaluation index ci. The relation between xpi, the segment field value, and vmji, the classical field value, is mji pi vx  . The classical matter element model, the segment field matter element model and the to-be-evaluated matter element model that can be built are as follows: mj
Weight model building
In the evaluation of efficiency (Zhao and Su, 2010; Cai et al., 2008; Yang and Cai, 2008) , the weighing method can help measure differences among indices, but in most cases, the scoring method, which involves subjective judgements, dominates and undermines the objectivity of the result. By introducing the average score of each index into the classical field and segment field of the matter-element extension model, our model calculates the weight of each index through the correlation function to decide whether the index meets the standard, so that the result can steer clear of subjective errors and wi, the normalized weight of ci, can be calculated. When (evaluation standard level), then the correlation function between the evaluation value and the classical field presents as:
In Equation 1, Kji (xi, Vmji) refers to the simple correlation value between the actual efficiency values and corresponding standard values of evaluation indices; other symbols follow the same pattern in meaning. j stands for the level of evaluation standard. The larger j is, the larger the represented index's influence on the criteria is. The correlative weight calculation model then presents as:
In Equation 3, j stands for the lowest level of evaluation and m is the number of evaluation levels.
TOPSIS model
TOPSIS is a multi-criteria analysis method, which was originally proposed by Hwang and Yoon in 1981 to compare different solutions, and it is also an integrated evaluation method for multi-objective and decision-making solutions. It can not only make the best of the original data and reflect the gap between different decision-making solutions, but also describe the general condition of the objectives or specific targets in an authentic, direct and reliable way, therefore it is widely applicable. The authors assumed that there are a total of m objectives, each of which has n attributes, and the initial value of the attribute j th of the objective i th is xij, the initial evaluation matrix V is then formed. As the dimensions of indices vary, the initial matrix is normalized into the normalized matrix V'. By combining the weight matrix W obtained from the correlation function model with the normalized initial evaluation matrix V', the weighted evaluation matrix Z is obtained.
(1) We first calculated the positive ideal solution (PIS) and negative ideal solution (NIS) of the evaluated objective through the weighted judgement matrix, then worked out the Euclidean distance that each objective has from PIS and NIS, and last the following model is built:
Euclidean distance from PIS: (2) Next, the authors calculated Ci, the degree of similarity of each objective to the optimal solution (or optimal value):
According to Ci, the scale of the similarity, the objectives can then be sequenced to create the basis for decision-making. In Equation 6 , the larger Ci is, the closer the efficiency of the item i th is to the optimal value. The values for the degree of similarity fall within the range from 0.00 to 1.00, and the closer the value is to 1.00, the better the http://www.aloki.hu • corresponding index's efficiency is; on the contrary, similarity closer to 0.00 means poorer efficiency.
Data analysis process
Data processing
Range identification of classical field and segment field
The correlation function in the matter-element extension model plays a pivotal role in determining the weights of indices, and it is related to the classical field and segment field in the model. The conventional methods to identify the range include work experience-based identification by experts, criteria-based identification, sampling databased identification and others. On the basis of previous reports describing criteria for high-standard farmland development, the research presented here, by referring to data collected from sampling sites of completed projects, statistics from questionnaire surveys and consultation with experts, identifies the ranges of the classical field and the segment field at four evaluation levels for the corresponding indices, as shown in Table 2 . 
Index weight in the TOPSIS model
The standard level that an index's evaluation value belongs to is represented by j. A larger value of j means larger influence of the index on the criteria, hence deserving a larger scale of weight; on the contrary, a smaller j means less influence of the corresponding index on the criteria, hence deserving a smaller weight. The results are shown in Table 3 .
Processing of data on soil efficiency, infrastructure efficiency and economic and social efficiency through the TOPSIS model
The main components of high-standard farmland development evaluation criteria include: construction task evaluation, construction quality evaluation, construction effectiveness evaluation, construction management evaluation, social impact evaluation and comprehensive evaluation (Assessment Standard of Well-Facilitated Farmland Construction, 2016; Criterion of High Standard Farmland, 2012). The high-standard farmland development project, in planning and location selection, aims to improve the infrastructure, increase the level of agricultural automation and achieve agricultural mass production in the selected area. The infrastructure in the selected area is largely poor in quality and suffers from damages, which undermines the land productivity and the level of agricultural mechanization. Besides, irrigation-caused pit ponds and collapses of irrigation canals are rife among alluvial farm fields, casting a blight on agricultural irrigation. When the project is completed, project-acceptance experts select three sampling sites in the project area to assess the soil efficiency. According to the principles of TOPSIS modeling and given the inconsistent quantitative units of indices, the original evaluation matrix is normalized to produce and sequence the degree of similarity of the soil efficiency, infrastructure efficiency as well as economic and social efficiency, as shown in Table 4 . The statistics for infrastructure efficiency are taken from scores by project-acceptance experts and those for economic and social efficiency are from questionnaire surveys. 
Processing of data on overall efficiency through the TOPSIS model
Based on data from Tables 1-4, our model makes use of the TOPSIS model to calculate and sequence the degree of similarity of three decision-making factors for overall efficiency, as shown in Table 5 . 
Results analysis
In light of the leveling criteria of efficiency indices and based on the results of Tables 3-5, we analyze our results in two different ways: the weights of indices and the TOPSIS modeling results.
Soil efficiency analysis
(1) Analysis of index weight based on the correlation function. The results of normalized weight analysis on the criterion level after completion of the high-standard farmland development project follow the order: effective depth of soil (0.68) > Organic content of soil (0.17) > pH scale (0.15). This means that, among the factors that influence the soil efficiency, the effective depth of soil accounts for the largest indicator, hence it has the largest weight, followed by the organic content of soil and then by the pH scale. According to Jenks natural breaks method, indicators having a weight equaled or above 0.3 are important indicators, those within the range [0.1, 0.3) are secondary indicators and those smaller than 0.1 are boundary indicators. Therefore, among all the indicators for soil efficiency, the effective depth of soil is an important indicator, the organic content of soil a secondary indicator and the pH scale a boundary indicator.
(2) Analysis of the TOPSIS modeling results. The indicator effective depth of soil has the longest distance from the NIS, with a degree of similarity of 0.6177, while its distance from the optimal solution approaches 1.00, hence it is rated excellent in efficiency, which means that this indicator has the largest influence on soil efficiency; the distance of the indicator organic content of soil from PIS is 0.5603, and its distance from NIS is 0.09, so the indicator is rated poor in efficiency and plays a secondary role; the distance of the indicator pH scale from PIS is 0.6177, and its distance from the optimal solution is 0.00, so it is rated poor in efficiency and has the least influence. These indicators are ranked in the model in the following order: effective depth of soil, organic content of soil and pH scale.
Infrastructure efficiency analysis
(1) Analysis of the index weight based on the correlation function. The results of normalized weight analysis of infrastructure efficiency follow the order: road access rate (0.35) > rate of guaranteed irrigation (0.26) > agricultural mechanization level (0.21) > irrigation water utilization rate (0.18). This means that, among the indicators for infrastructure efficiency, the road access rate plays the most important part, followed by the rate of guaranteed irrigation and then the agricultural mechanization level, with the irrigation water utilization rate having the least impact. According to Jenks natural breaks method, among the decision-making factors for infrastructure efficiency, road access rate is an important indicator, the rate of guaranteed irrigation, agricultural mechanization level and irrigation water utilization rate are secondary indicators, and there are no boundary indicators.
(2) Analysis of the TOPSIS modeling results. The indicator of road access rate has the longest distance from NIS, with a degree of similarity of 0.3273, and its distance from the optimal solution is 1.00, so it is rated excellent and has the largest influence on infrastructure efficiency. The distance of the indicator rate of guaranteed irrigation from NIS is 0.3081, and its degree of similarity to the optimal solution is 0.94, so it is rated excellent and plays a secondary role in infrastructure efficiency. The distance of agricultural mechanization level from PIS is 0.0741, and its degree of similarity to the optimal solution is 0.77, so the indicator is rated good and plays a relatively important role in infrastructure efficiency. The irrigation water utilization rate is most distant from the PIS, with a distance of 0.3273, and its degree of similarity to the optimal solution is 0.00, so it is rated poor in efficiency level and does not have much impact on infrastructure efficiency. These indicators are ranked in the model in the following order: road access rate, rate of guaranteed irrigation, agricultural mechanization level and irrigation water utilization rate.
Economic and social efficiency analysis
(1) Analysis of index weight based on the correlation function. The results of normalized weight analysis of economic and social efficiency follow the order: rate of public satisfaction (0.52) > static return on investment (0.40) > agricultural production cost (0.08). It means that among the indicators affecting economic and social efficiency, the rate of public satisfaction weighs the highest, followed by static return on investment and then by the agricultural productivity cost. According to Jenks natural breaks method, among the decision-making factors for economic and social efficiency, the indicators of rates of public satisfaction and static return on investment are important indicators, and the agricultural production cost is a boundary indicator, as the agricultural production cost is correlated with many unpredictable factors such as the environment and weather (unfavorable weather will increase the cost). The highstandard farmland development project improves the roads, achieves a general mechanization of agricultural production and reduces the workload and extra expenditures. With the cost of fertilization basically unchanged, the agricultural production cost is reduced, moreover, the static return on investment and the rate of public satisfaction would be both increased.
(2) Analysis based on the TOPSIS modeling results. The rate of public satisfaction is the most distant from the NIS, with a distance of 0.6477, and its degree of similarity to the optimal solution is 1.00, so this indicator is rated excellent in efficiency level and has the largest impact on economic and social efficiency; the indicator of static return on investment has a distance of 0.6091 from the NIS, and its degree of similarity to the optimal solution is 0.06, so it is rated poor in efficiency level and plays a secondary role in economic and social efficiency; the agricultural production cost has the longest distance from the PIS, 0.6477, and its degree of similarity to the optimal solution is 0.00, so it has the least impact on economic and social efficiency. These indicators are ranked in the model in the following order: rate of public satisfaction, static return on investment and agricultural production cost.
Overall efficiency analysis
(1) Analysis based on index weight and the correlation function. The normalized weight analysis in terms of the criteria in the high-standard farmland development project is presented in the following expression: infrastructure efficiency (0.46) > economic and social efficiency (0.37) > soil efficiency (0.17). This order indicates that, among the indices that influence the project's overall efficiency, infrastructure efficiency has the largest weight, followed by economic and social efficiency, while soil efficiency has the least impact. According to Jenks natural breaks method, the infrastructure efficiency and the economic and social efficiency are thus rated as important indicators, while soil efficiency is a secondary indicator. Infrastructure efficiency consists of one important indicator and three secondary indicators, without boundary indicators; economic and social efficiency includes two important indicators and one boundary indicator; soil efficiency involves one important indicator, one secondary and one boundary. Therefore, it can be concluded that the infrastructure efficiency is positively correlated with the overall efficiency, while soil efficiency, with a lower value, is in negative correlation with the overall efficiency.
(2) Analysis of the TOPSIS modeling results. The infrastructure efficiency is the most distant from NIS, with a distance at 0.1621, and its degree of similarity to the optimal solution is 1.00, so its efficiency level is rated excellent; in the case of economic and social efficiency, its distance from NIS is 0.0469, 0.1152 from PIS and its degree of similarity to the optimal solution is 0.29, so it is rated as poor in the efficiency level and plays a secondary role in the overall efficiency; the degree of similarity of soil efficiency to the optimal solution is 0.00, so soil efficiency is rated poor in the efficiency level and has the least impact on overall efficiency.
To summarize, the index weight analysis results based on correlation functions and those of the TOPSIS modeling are consistent. According to the mean score and suitability score of the project shown in Table 1 , the key to the overall efficiency of high-standard farmland development is to improve infrastructure efficiency.
Conclusions
(1) The advantage of matter-element modeling is that it extends the actual evaluation indices which are not within the range of the standard values towards the standard values, with the correlation function identifying the positive field, negative field and zero field. The range of the correlation function is (-∞, + ∞), so it reflects the status of an object in a more accurate way and thus facilitates quantitative evaluation. These advantages are what the traditional fuzzy comprehensive evaluation method and analytic hierarchy process cannot provide. Meanwhile, by sequencing the weights of indices and leveling their respective impacts, the model found that infrastructure efficiency and economic and social efficiency are important indicators in the overall efficiency evaluation, while soil efficiency is a secondary indicator.
(2) The overall efficiency of the high-standard farmland development project is reflected by three indices -soil efficiency, infrastructure efficiency and economic and social efficiency. It is found that infrastructure efficiency is the most distant from the http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1705_1130311316 © 2019, ALÖKI Kft., Budapest, Hungary NIS, with a distance of 0.1621, and its degree of similarity to the optimal solution is 1.00, so it is rated excellent in efficiency level while the soil efficiency has the least impact on the overall efficiency, with its degree of similarity to the optimal solution standing at 0.00.
Discussion
(1) The presented research combines matter-element extension modeling with TOPSIS modeling for high-standard farmland development efficiency evaluation. , the method used in this work has several advantages. Specifically, by constructing a matter-element model of classical and segment fields, it utilized the extensibility of matter elements to identify the evaluation objectives accurately and comprehensively; and by analyzing the correlation degree among factors in the correlation function, the model calculated the weight of each index, normalized the weight matrix and improved the weight measurement method to avoid the influence of subjective factors on the evaluation result.
(2) It is of great importance to select indices scientifically in evaluating efficiency of high-standard farmland development. The evaluation index system in this paper was built based on analysis of previous published studies, the particular situation of the project area and in consultation with project-acceptance experts. Ecological factors were not taken into account and only one indicator, public satisfaction, was included in the index of social efficiency. In this study, the authors did not compare the results with other results from different research methods, due to limitations on the overall length of the manuscript. In subsequent studies, the authors expect to improve the presented model to increase the accuracy of the research results.
